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AURORAL ELECTROJET MAGNETIC ACTIVITY INDICES, AE(11), FOR 1971

by

Joe Haskell Allen

Carl C. Abston
and

LesTie D. Morris

National Geophysical and Solar-Terrestrial Data Center
Environmental Data Service
NOAA, Boulder, Colorado 80302 U.S.A.

ABSTRACT
The Auroral Electrojet index (AE) is discussed and a brief description is given of the
derivation of 1l-station 2.5-min AE indices for 1971. Tables are given of hourly average
indices for each day of the year, the stations making the main contribution to the hourly
indices, and of the average monthly quiet-time level of horizontal fields (H) at each mag-
netic observatory. Graphs of the index variations are included for each day of 1971.

SECTION 1
GENERAL DISCUSSION

1. Derivation of AE(11) Indices for 1971

1.1 Introduction

The Auroral Electrojet index, AE, is designed to provide a global, quantitative measure of auroral
zone magnetic activity produced by enhanced ionospheric currents flowing below and within the auroral
oval. Ideally, it is the total range of deviation at an instant of time from quiet day values of the
horizontal magnetic field (H) around the auroral oval. Defined and developed by Davis and Sugiura
[1966]1, AL has been usefully employed both qualitatively and quantitatively as a correlative index in
studies of substorm morphology, the behavior of communication satellites, radio propagation, radio
scintillation, and the coupling between the interplanetary magnetic field and the earth's magnetosphere.
For these varied uses, AE possesses advantages over other geomagnetic indices or at least shares their
advantageous properties. In particular:

(1) it can be derived on an instantaneous basis or from averages of variations computed over any
selected interval;

(i) it is a quantitative index which, in general, is directly related to the processes producing
the observed magnetic variations;

(i11) its method of derivation is relatively simple, digital, and objective and is well suited to
present computer processing techniques; and

(iv) it may be used to study either individual events or statistical aggregates.

These indices are derived in response to indications of need as voiced by the scientific user com-
munity in journal articles, at meetings, in resolutions of national and international groups, and in
personal communications. This report is one means of communicating a summary of the derived indices
for one year and is the sixth such compilation published by the World Data Center A for Solar-Terrestrial
Physics [Allen, 1972; Allen et al., 1973, 1974a, 1974b, 1974c]. Computer listings or digital magnetic tapes
of detailed 2.5-min indices and microfilm graphs of their variations can be obtained from WDC-A for
Solar-Terrestrial Physics, NOAA, Boulder, Colorado 80302, U.S.A. Detailed 1ists of available indices
are given, along with cost of acquisition information in Report UAG-35, Catalogue of Digital Geomagnetic
Variation Data at World Data Center A for Solar-Terrvestrial Physies, WDC-A for STP, July 1974.

1.2 Definition of AE Indices

In practice, AE and associated indices may be defined by describing a graphical technique of deriva-
tion which is still used to generate preliminary sets of indices for single events (see Figure 1.) Maane-
togram copies for a given UT-day are collected from a select group of auroral zone magnetic observatories.
A quiet-time H (horizontal intensity of the earth's field) reference level is selected for each site and
subtracted from the instantaneous H values scaled for that location. The resulting time series of AH
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values for all Tocations are superposed graphically upon a common zero level and with a common ampli-
tude scale and time base. Connecting successive positive extreme values produces an upper envelope for
the set of overlapping traces, and connecting the negative extreme values produces a bounding Tower
envelope. At any instant, the amplitude of the upper envelope is designated AU and that of the lower
envelope is AL. The range between them is defined as AE and their mean is A0. In general, AU is a
function of the current flowing in the eastward-directed auroral electrojet, while AL is similarly
related to the westward auroral electrojet.

1.3 Observatory Selection for 1971 AE(11)

In order to provide comparable AE indices from year to year, data for the same northern hemisphere
auroral zone observatories have been used for the derivation of AE(1l) for the years 1970 (Report UAG-
22), 1968 (Report UAG-29), 1969 (Report UAG-31), 1971 and AE(10) for 1967 (Report UAG-33) and 1966,

(Report UAG-37). They are listed below in Table 1 along with their abbreviations, geographic and geomagnetic

coordinates, and the time of Local Geomagnetic Midnight (LGM) at each site. The station locations are
shown relative to the geomagnetic pole (extended geocentric dipole axis) in Figure 2.

TABLE 1

Observatories Used for the Derivation of 1966 and 1967 AE{10)** and 1968, 1969, 1970 and 1971 AE(11)

hservatory  Mubreviasion  SPOPIPHIE Coord: Geomureric goors; Lot
1. Leirvogur LR 64.18 338.30 70.22 71.04 2351
2. Narssarssuaqg ** NAS 61.20 314.16 71.21 36.79 0210
3. Great Whale River GWR 55.27 282.22 66.58 347.36 0526
4, Fort Churchill FC 58.80 265,90 68.70 322.77 0704
5. College co 64.87 212.17 64.63 256.52 1133
6. Barrow BW 71.30 203.25 68.54 241.15 1235
7. Cape Wellen # UE 66.17 190.17 61.79 237.10 1250
8. Tixie Bay # TI 71.58 129.00 60.44 191.41 1551
9. Cape Chelyuskin cc 77.72 104.28 66.26 176.46 1650
10. Dixon Island # DI 73.55 80.57 63.02 161.57 1748
11. Abisko Al 68.36 18.82 66.04 115.08 2052
12. Sodankyla** SO 67.37 26.63 63.76 119.99 2032

* Local Geomagnetic Midnight (LGM) at equinox
Geomagnetic coordinates and time calculated for inclined geocentric dipole field.

** No records available for 1966 and 1967 from NAS, and SO substituted for AI in the 1966 and 1967
AE(10) derivations.

# Sometimes given as: Cape Uelen, Tiksi Bay, and Dikson Island, respectively.

The choice of observatories was based upon a desire to achieve an as uniform as possibie Tongitu-
dinal coverage and also to span a range of latitudes so that even contracted oval substorm effects
might be recorded. Another consideration was that the magnetograms should come from established obser-
vatories whose records would continue to be available on a timely basis through the World Data Center
system. Naturally, such a choice involved some compromise between the wish to use as much data as
possible and the high cost of digitizing analog magnetograms. Statistical summaries are kept with each
derivation, showing the relative contribution of each observatory to the indices in order to identify
possible instances of duplication and to reveal inadequately represented regions.

While we have been able to use the same set of stations for recent years, for earlier years the
number of stations providing records changed from time to time. Prior to 1968, the station at
Narssarssuaq (NAS) did not exist, and there was no nearby substitute. During most years there have been
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Fig. 2.

Observatories whose records were used in the derivation of 1966 and 1967 AE(10) and
1968, 1969, 1970 and 1971 AE(11) are shown as filled circles. Their abbreviations
correspond to the list given in Table 1. The map is a polar equal-area projection
centered on the north geomagnetic pole (extended geocentric dipole axis). The
north geographic pole is indicated by the square.

Only geomagnetic coordinates are shown. Geomagnetic latitude is indicated by the
concentric rings of plus signs (+) every 10°. Geomagnetic Tongitude is given by
the outer ring of values every 30° with hachure every 10°,




intervals of varying length for which one or two of the network stations did not produce magnetograms.
Further, it is hoped that additional stations may eventually be added to the network to fill tongitude
gaps. For these reasons we have chosen to indicate the number of contributing stations parenthetically,
following the index letters, e.g., AE(10). The daily graphs of variations in 2.5-min AU, AL, AE, and
AQ indices included in this report (SECTION III) show in the upper right corner the number of contri-
buting stations during the month. The table of monthly average quiet-time H values (SECTION II-2.)
indicates which station records were not included in the derivation during any month. Intervals of

lost records shorter than one month are not indicated.

Analysis of AE(11) index data for the years 1968 through 1970 suggests that an optimum station
distribution would include Tocations just equatorward of the instantaneous auroral oval during the
local evening hours which most often supplied AU (around 1800 LGT) and others directly under the oval
during the early morning hours following Local Geomagnetic Midnight when most AL values are supplied
(around 0300 LGT).

1.4 Computation of AE(11) Indices

The same technique of computation used for all prior AE derivations has been followed with the
1971 derivation. It is described in detail in Report UAG-22 [Allen, 1972]. A constant quiet-time H
reference level was computed for each month for each station. It is the average of all 2.5-min H
values for the 5 International Quiet Days of that station-month. The quiet-time reference values were
then subtracted from the 2.5-min H scalings of each station and the ten resulting H-deviation time
series were compared. At each 2.5-min data interval the extreme positive and negative H deviations
were identified and designated AU(10) and AL(10), respectively. According to their definitions,
AE(10) = AU(10) - AL(10) and AD(10) is the mean of AU(10) and AL(10). These are the basic AE data. In
addition, hourly average values of each index were computed, and simple statistical information was
collected.

Daily graphs of variations of all four 2.5-min indices (AU, AL, AE, and AQ) prepared from 35mm
microfilm are reproduced in this report in SECTION III. Monthly summaries of hourly average values,
daily averages, and hourly averages for special groups of days were prepared and are given in SECTION
II. ATso derived were tables showing the frequency of selection of each station for AU and AL giving
the times at which each station supplied the extreme deviations. These results are the basis for
monthly sets of tables of stations supplying AU and AL for each hour.

2. Precautionary Notes

2.1 Problems in Derived AE{11) Indices

Users of these indices should be aware of the following points which may affect the interpretation
of index information contained in this report. Three potential sources of misleading or unreliable
indices are:

(1) the working definition of AE used in the derivation of the indices;
(i) the character of the magnetogram records; and
(i11) the digitization and data manipulation processes.

At an AE observatory an increased deviation from quiet-time H may be the same for either an enhanced
electrojet current or for a constant current which moves closer to the fixed observatory location.
Given a necessarily 1imited number of contributing observatories and using an index based exclusively
upon variations in the H component, it is not always possible to distinguish between these two alter-
natives. If an event is of sufficient magnitude and extent so as to be observed simultaneously at
several locations or if it is of sufficient duration to be recorded by successive observatories rotat-
ing into the critical longitude sectors, then such ambiguity may be resolved.

Effects of Tow amplitude electrojet variations of short duration and occurring during otherwise
quiet intervals when the auroral oval is contracted may be imperfectly recorded. If such small events
occur over sectors between widely separated observatories, they could be missed entirely, although
present experience does not suggest that this happens freguently. Also, during very large magnetic
disturbances the auroral oval may expand equatorward below the ring of stations used to derive AE.
Thus, times of low AE may not guarantee a total absence of magnetic activity over the polar cap, and
during large magnetic storms the indices are of questionable reliability.

At the observatories, any problem that causes the H trace to be unstable or that causes 1oss of
the record during disturbed times must inevitably affect the AE indices derived for such intervals. In
general, periods of component drift at an observatory become relatively obvious when they reach an amp-
Titude sufficient to obscure genuine variations recorded at other locations. Although efforts are made
to salvage useful information during these intervals, sometimes the only solution has been elimination
of that observatory's records until instrumental adjustments appear to have corrected the problem.
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A more serious problem arising from the character of the magnetograms is any time for which the H
trace is effectively lost. This can occur due to the trace moving off the recording paper in response
to a large magnetic variation, to poor recording of a rapidly moving trace, or to confusion of multiple
traces on a magnetogram. At such times, unless there exist back-up Tow sensitivity magnetograms from
auxiliary systems at that location, the number of contributing stations is reduced. When the H trace
is suddenly Tost at a critically located station that was supplying either AU or AL, then some other
station having the next most extreme H deviation at that instant begins to take the place of the lost
data source and becomes the key to the affected index. Although such intervals are not usually notice-
able in the graphs of AE variations, they commonly have the effect of producing a large bay-like fea-
ture in the affected AU or AL trace. An example of the effect of such data loss may be seen in the AU
trace for 21 July 1970 (cf. Report UAG-22) beginning around 1330 UT. A similar effect arising from pro-
Tonged loss of AU occurred on 71/01/15 (15 Jan. 1971) beginning at 1200 UT in the record from Dixon Is-
land as given in Section III of this report. These characteristically-shaped spurious events have been
dubbed “missing data effects" (mde's), and any suspected mde's in the 1971 graphs can best be checked by
reference to the original magnetograms of the critical stations listed in Section II for those times.

Sometimes our technique of selecting a constant quiet-day H reference level for each station-month
of data may produce Tow amplitude month-end discontinuities in AU or AL. Also, quiet-time departures
of station values from their monthly average may produce intervals having elevated AU or AL values but
appearing relatively quiet. Such index discontinuities and intervals of higher noise level are con-
sidered relatively insignificant compared to the amplitude of substorm effects to be seen in the indi-
ces.

In spite of extensive quality control efforts, we expect that some errors will escape notice and
be published or otherwise distributed. We request that anyone detecting questionable values in 1971
AE(11) or other AE indices please communicate with WDC-A for STP concerning this matter. As necessary,
corrections will be distributed to the user community on either a case-by-case basis or in future UAG
Reports in this series.
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SECTION II
TABLES

1. Explanation

1.1 Table of Monthly Quiet-Time H Reference Values

The monthly quiet-time H reference values are given for each observatory. These values are the
base from which H-deviations were derived and they were computed as the average of all 2.5-min digitized
H values from the internationally adopted 5 Quiet Days of each month. The given values are in gamma
units and are absolute in the sense that they include the applied scale value and provisional baseline
used for each observatory's magnetograms. While subsequent changes in adopted baselines may shift the
reference values slightly, they should not affect the derived indices because the method of derivation
eliminates the H baseline provided it is constant for the month.

1.2 Tables of Hourly Mean Indices

These tables contain monthly listings of average hourly indices for each day: AE, AL, AU, and AOQ.
These hourly values were computed as the mean of the 2.5-min instantaneous values. The first hour of
each day covers the data interval from 0000-0057.5 UT. A1l times are given in Universal Time and the
indices are given in gammas. AE is always positive and AU is positive most of the time but may become
negative during the main phase period of large storms when H is depressed globally by an enhanced ring
current. Sometimes AU may briefly become negative as a result of missing data effects {See SECTION I-
2.1). AL is almost always negative and during most substorm events will exceed AU in absolute value,
consequently AO is usually negative and it provides a measure of the unequal amplitude of AU and AL
effects.

1.3 Tables of Observatories Supplying Hourly AU and AL

As described above, the hourly average indices are computed from the 2.5-min instantaneous indices
derived for that hour. Each pair of instantaneous values of AU and AL arises from H-deviations at only
two stations and the station pair contributing these extremes may change from one 2.5-min interval to
the next. In order to associate a single station with values of hourly AU or AL some convention must be
adopted as a basis for selection. We have chosen to designate the station having the maximum average H-
deviation during an hour as the source of hourly AU. Likewise, the station having the most negative H-
deviation is designated as the source of hourly AL. Within a disturbed hour it is common for one
station pair to be the most frequent contributors of AU and AL and also to provide the greatest average
deviations in H. However, there are times when this does not hold. This is the case during an hour
which is quiet until near the end or which has only its first few values disturbed. Here the table will
list the stations which provided AU and AL for the short disturbed portion of the hour rather than those
stations providing AU and AL for the longer undisturbed portion of the hour. In effect, the listed
station pair are the same stations that would have supplied AU and AL had the indices been derived from
hourly scalings of H instead of from averages of 2.5-min values.

These tables serve to illustrate the nonuniform frequency of contribution of AU and AL for differ-
ent stations of the network. Also, they illustrate the systematic grouping in Universal Time of the
time of most frequent station contribution of AU and AL.
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